Species Profiles: Life Histories and

Environmental Requirements of Coastal Fishes

and Invertebrates (North Atlantic): American shad by Weiss-Glanz, Lori S. et al.
REFElRENCE cur r 
Do Not Remove from the Library 
U. S. Fish and Wildlife Service 
Notional Wetlands Research Center . .-- .-. I I 
Biological Report 82 (1 1.59) /00 L a  1un mTm vuU'-' " 
July 1986 ~afayette, Louisiana 70506 TR EL-82-4 
Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes 
and Invertebrates (North Atlantic) 
AMERICAN SHAD 
Coastal Ecology Group 
Fish and Wildlife Service Waterways Experiment Station 
U.S. Department of the Interior U.S. Army Corps of Engineers 
B i o l o g i c a l  Report 82(11.59) 
TR EL-82-4 
J u l y  1986 
Species P r o f i l e s :  L i f e  H i s t o r i e s  and Environmental Requirements o f  
Coastal F ishes and Inve r teb ra tes  (North A t l a n t i c )  
AMERICAN SHAD 
L o r i  S. Weiss-Glanz, Jon G. Stanley,  and John R .  Mor ing 
Maine Cooperat ive F i s h  and W i l d l i f e  Research U n i t  
313 Murray H a l l  
Uni ve rs i  t y  o f  Maine 
Orono, ME 04469 
P r o j e c t  O f f i c e r  
David Moran 
Na t i ona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Se rv i ce  
1010 Gause Boulevard 
Sl  i d e l  1, LA 70458 
Performed f o r  
Coastal Ecology Group 
Waterways Experiment S t a t i o n  
U.S. Army Corps o f  Engineers 
Vicksburg, MS 39810 
and 
Nat iona l  Wet1 ands Research Center 
Research and Development 
F i s h  and W i l d l i f e  Serv ice  
U .S. Department o f  t h e  I n t e r i o r  
Washington, DC 20240 
This  se r i es  should be re ferenced as fo l l ows :  
U.S. F i s h  and W i l d l i f e  Service. 1983-19 . Species p r o f i l e s :  l i f e  
h i  s t o r i e s  and environmental requ i  r e m e 6  o f  coas ta l  f i s h e s  and 
i nve r teb ra tes .  U.S. F i sh  W i l d l .  Serv. B i o l .  Rep. 82(11). U.S. Army 
Corps o f  Engineers, TR EL-82-4. 
Th is  p r o f i l e  should be c i t e d  as fo l l ows :  
Weiss-Glanz, L.S. , J.G. Stanley,  and J. R. Moring. 1986. Species p r o f i l e s :  
1 i f e  h i s t o r i e s  and environmental requirements o f  coas ta l  f i s h e s  and 
i nve r teb ra tes  (North At lan t ic ) - -Amer ican shad. U. S. F i sh  W i  l d l .  Serv. 
B i o l .  Rep. 82(11.59). U.S. Army Corps o f  Engineers, TR EL-82-4. 16 pp. 
PREFACE 
Th is  species p r o f i l e  i s  one o f  a se r i es  on coas ta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial, o r  eco log i ca l  importance. The p r o f i l e s  
a re  designed t o  p rov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t he  species and t o  descr ibe  how popu la t ions  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i f e  h i  s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they  a re  prepared. 
Th i s  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U.S. Army Corps o f  Engineers 
and t h e  U. S. F i s h  and W i l d l i f e  Serv ice.  
Suggestions o r  quest ions  rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
the  f o l l  owing addresses. 
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CONVERSION TABLE 
M e t r i c  t o  U.S. Customary 
m i l  1  imete rs  (mn) 
cent imeters ( an) 
meters (m) 
k i  1  ometers ( km) 
2 
square meters (m ) 10.76 
square k i  1  m e t e r s  ( km2) 0.3861 
hec ta res  (ha)  2.471 
1  i t e r s  ( 1  ) 
cub ic  meters (m3) 
cub ic  meters 
To Obta in  
inches 
inches 
f e e t  
m i l  es 
square f e e t  
square m i l e s  
acres 
gal 1  ons 
cub ic  f e e t  
acre- f e e t  
m i l  1  igrams (mg) 0.00003527 ounces 
grams (g )  0.03527 ounces 
k i log rams (kg)  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons 
k i  1  ocal o r i  es ( kcal  ) 3.968 B r i t i s h  thennal u n i t s  
Cels ius degrees 1.8(OC) + 32 Fahrenhei t  degrees 
U.S. Customary t o  Me t r i c  
inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
f a  thoms 1.829 
m i l e s  (m i )  1.609 
nau t i ca l  m i l es  ( m i )  1.852 
square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 
gal  1  ons ( gal ) 
cubic  f e e t  ( f t 3 )  
ac re - f ee t  
ounces (02)  28.35 
pounds ( l b )  0.4536 
s h o r t  tons  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  (B tu )  0.2520 
m i l  1  imete rs  
cen t imeters  
meters 
meters 
k i l  ometers 
k i  1  oneters 
square meters 
hectares 
square k i l  ometers 
1  i t e r s  
cub i c  meters 
cub ic  meters 
grains 
k i  1  og rams 
m e t r i c  tons 
k i  1  ocal  o r i e s  
Fahrenhei t  degrees 0.5556("F - 32) Ce ls ius  degrees 
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F i g u r e  1. American shad, A l osa  sap id i s s ima .  
AMERICAN SHAD 
NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION AIDS 
S c i e n t i f i c  name . . A losa  s a p i d i s s i m a  
( W i  1  son) 
P r e f e r r e d  common name . . . .American 
shad ( F i g u r e  1). 
Other  common names . . Shad, a lose ,  
common shad, A t l a n t i c  shad, Nor th  
R i v e r  shad, Delaware shad, Sus- 
quehanna shad, w h i t e  shad, buck 
shad (males o n l y ) ,  pop la rback  shad 
( S c o t t  and Crossman 1973).  
C lass  . . . . . . . . . . Os te i ch thyes  
Order  . . . . . . . . . . Clupe i fo rmes  
Fam i l y  . . . . . . . . . . .Clupeidae 
Geographic range: American shad a r e  
anadromous. They a r e  d i s t r i b u t e d  
a l o n g  t h e  A t l a n t i c  coas t  f rom 
Newfoundland southward t o  F 1 o r  i da  , 
and a r e  most abundant f rom 
Connec t i cu t  t o  No r t h  Ca ro l  i n a  
( F i g u r e  2).  On t h e  P a c i f i c  Coast, 
t h e  American shad was i n t r o d u c e d  
i n t o  t h e  Sacramento and Columbia 
R i v e r s  i n  1871, and i s  now 
e s t a b l i s h e d  f r om  sou the rn  Cal i f o r n i  a  
nor thward  t o  Cook I n l e t ,  A laska,  and 
westward t o  t h e  Kamchatka Peni nsu 1 a 
i n  As ia .  
Body e longa te ,  deep ( i t s  depth i s  
17%-19% o f  i t s  t o t a l  l e n g t h  [TL]) 
s t r o n g l y  compressed 1 a t e r a l l y  (Le im 
1924; B i ge l ow  and Schroeder  1953; 
S c o t t  and C rossman 1973). Head 
b r o a d l y  t r i a n g u l a r ,  22%-24% o f  TL. 
G i l l  membranes f r e e  f r o m  isthmus. Eye 
moderate, ad ipose eye1 i d  we1 1 
developed, d iamete r  o f  eye 27%-32% o f  
head l e n g t h  (HL); snou t  moderate, 
l e n g t h  27%-32% HL; i n t e r o r b i t a l  w i d t h  
19%-22% o f  HL. The a n t e r i o r  end o f  
t h e  l owe r  jaw no t  excess i ve l y  t h i c k  o r  
heavy, somewhat po i n t ed ,  and f i t t i n g  
e a s i l y  i n t o  a  deep no t ch  i n  upper  jaw; 
jaws a r e  about equal when t h e  mouth i s  
c losed .  The upper  o u t l i n e  o f  t h e  
l owe r  jaw s l  i g h t l y  concave. Maxi1 l a r y  
ex tend ing  t o  p o s t e r i o r  marg in  o f  eye. 
Teeth sma l l ,  weak, and few i n  number 
on p r e m a x i l l a r y  and mand ib le  ( l o s t  
comp le te l y  i n  t h e  a d u l t )  and absent on 
t h e  r o o f  o f  t h e  mouth. G i l l  r akers  on 
l owe r  1  imb 59-73; b ranch ios tega l  rays 
7,7 ( r a r e l y  7,6). F i n s  s o f t  rayed: 
do r sa l  -1, h e i  gh t  moderate, base s h o r t ,  
11%-13% o f  TL, r a y s  15-19,  u s u a l l y  
17-18; caudal ,  d i s t i n c t l y  f o r ked ;  
MILES 
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Figure 2. Distribution of American shad in the North Atlantic region. 
anal-1, base l e n g t h  g r e a t e r  t han  
d o r s a l  base, 13%-14% o f  TL, h e i g h t  
s h o r t e r  t han  do rsa l  h e i g h t ;  r ays  
18-24, usua l  l y  20-22; p e l  v i  cs, 
abdominal, sma l l ,  l e n g t h  9%-10% o f  TL, 
rays 9; pec to ra l s ,  low on s ides ,  
l e n g t h  14%-15% o f  TL, rays 14-18, 
u s u a l l y  16. Scales l a rge ,  c renu l  a t e  
on p o s t e r i o r  margin, deciduous. 
L a t e r a l  1  i n e  p o o r l y  developed w i t h  
about 50-55 sca les .  Ven t ra l  s cu tes  
w e l l  developed f o r m i n g  a sharp 
sawbel ly ,  p r e p e l v i c  scu tes  19-23, 
u s u a l l y  20-22; p o s t p e l v i c  scutes 
12-19, u s u a l l y  15-17. Ver tebrae  
53-59, usua l  l y  55-58. P e r i t o n e a l  
1  i n i  ng p a l  e; p y l o r i  c  caeca numerous 
and u s u a l l y  c l u s t e r e d  on r i g h t  s i de .  
U s u a l l y  4  t o  6 b lack  spo ts  i n  
h o r i z o n t a l  row behind operculum. 
Size:  average l e n g t h  i n  f i s h e r y  380 
mm; males 0.7 t o  2.7 k g  (1.5 t o  6.0 
I b ) ;  females 1.6 t o  3.6 k g  (3.5 t o  8.0 
l b ) ,  r a r e l y  t o  5.4 k g  (12 l b ) .  
REASON FOR INCLUSION I N  SERIES 
H i s t o r i c a l l y ,  t h e  comnerc ia l  
f i s h e r y  f o r  American shad a l ong  t h e  
A t l a n t i c  coas t  was widespread and 
in tense .  The f i s h e r y  now i s  g e n e r a l l y  
r e d u c e d  and i m p o r t a n t  o n l y  i n  some 
waters. I n  r i v e r s  i n  t h e  No r th  
A t l a n t i c  t h a t  s t i l l  suppor t  spawning 
runs, t h e  s p o r t  f i s h e r y  i s  more 
impo r tan t  t han  t h e  commercial f i s h e r y .  
Federa l  and S t a t e  agencies have 
programs aimed a t  r e s t o r i n g  American' 
shad t o  t h e i r  fo rmer  range and 
abundance. I f  these  programs a r e  
success fu l ,  t hen  p r o t e c t i o n  o r  
m i t i g a t i o n  o f  t h e  shad must be 
cons idered  i n  f u t u r e  coas ta l  and 
r i  v e r i  ne devel  opment p r o j e c t s .  
LIFE HISTORY 
Spawning 
The American shad i s  an 
anadromous f i s h  t h a t  1  i ves seve ra l  
years  i n  t h e  ocean and t hen  r e t u r n s  t o  
i t s  n a t a l  r i v e r  t o  spawn. The spec ies  
p robab l y  has spawned i n  v i r t u a l l y  
every  a c c e s s i b l e  r i v e r  and t r i b u t a r y  
a l ong  t h e  A t l a n t i c  coas t .  
Shad spawn as e a r l y  as mid- 
November i n  F l o r i d a  and as l a t e  as 
J u l y  i n  some Canad ian  r i v e r s .  The 
males a r r i v e  a t  t h e  spawning grounds 
b e f o r e  t h e  females. The t i m e  o f  
spawning m i g r a t i o n  i s  r e g u l a t e d  by 
wa te r  temperatures i n  t h e  r i v e r .  
Spawning begins when t h e  wate r  
tempera tu re  reaches 12 "C (54 OF) and 
con t inues  as l o n g  as t h e  tempera tu re  
does no t  drop much below 12 O C  (54 OF) 
o r  exceed 20 "C (68  "C). An i nc rease  
i n  tempera tu re  i s  t h e  p r ima ry  
"tri gger "  f o r  spawning, b u t  
pho toper iod ,  f l o w  v e l o c i t y ,  and wate r  
t u r b i d i t y  a l s o  a r e  f a c t o r s  ( Legge t t  
and Whitney 1972).  The spawning r u n  
peaks a t  a  tempera tu re  o f  about 18 "C 
(65 OF) and t h e  range i s  13 t o  20 O C ,  
o r  56 t o  68 OF (Walburg and N i c h o l s  
1967). 
Spawning s i t e s  a r e  t h e  same f r o m  
y e a r  t o  year .  Shad spawn a t  n i g h t ,  
u s u a l l y  i n  sha l l ow  wa te r  w i t h  moderate 
c u r r e n t s  i n  t h e  main stem o f  r i v e r s  
(Marcy 1972).  Spawning behav io r  has 
been desc r i bed  by Medcof (1957) and 
Layzer  (1976).  A chase i s  p robab l y  
i nvo l ved ;  males f o l l o w i n g  females i n  a 
t i g h t e n i n g  c i  r c l e .  Spawners sometimes 
sp lash  a t  t h e  sur face .  Eggs a r e  
r e l eased  between sundown and m idn igh t  
i n  t h e  open water  where they a r e  
f e r t i l i z e d  by  t h e  ma les  ( S c o t t  and 
Crossman 1973). 
Most  shad i n  t h e  Connec t i cu t  
R i v e r  make t h e i r  f i r s t  spawning r u n  
when t hey  a r e  4 o r  5  yea rs  o l d  (Tab le  
1). Almost a l l  shad 6 yea rs  o l d  have 
spawned a t  l e a s t  once. 
The percentage of shad t h a t  have 
spawned and r e t u r n  t o  spawn aga in  
( r epea t  spawners) i ncreases f r o m  sou th  
t o  no r t h .  Shad n a t i v e  t o  r i v e r s  sou th  
o f  Cape Fear, No r t h  Ca ro l i na ,  appar- 
e n t l y  d i e  a f t e r  spawning. I n  r i v e r s  
n o r t h  o f  l a t i t u d e  35 ON, some s h a d  
s u r v i v e ,  r e t u r n  t o  t h e  ocean, and 
Tab le  1. The percentage o f  f i r s t - t i m e  spawn aga in  t h e  next  yea r .  Shad i n  
spawners i n  t h e  Connec t icu t  R i v e r  t h e  n o r t h  have a h i g h e r  percentage o f  
spawning run  (Legget t  1976). repeat  spawners than  i n  t h e  sou th  
(Tab le  2) .  
Age Mean 
Standard Fecund i ty  and Eggs 
d e v i a t i o n  
T a b l e  2. The p e r c e n t a g e  o f  r e p e a t  
spawners i n  American shad popu la t i ons  
i n  A t l a n t i c  coast  r i v e r s  (Legget t  and 
Carscadden 1978). 
L a t i t u d e  Repeat 
R i  ver  o f  r i v e r  (ON) spawners(%) 
M i  rami ch i  
S t .  John 
Connect i  c u t  
Hudson 
Susquehanna 
Potomac 
York 
James 
Neuse 
E d i s t o  
Ogeechee 
S t .  Johns 
The  Amer i can  shad has a r e l a -  
t i v e l y  h i g h  f ecund i t y  (Tab le  3 ) ,  
genera l  l y  dec reas ing  f rom south  t o  
n o r t h  (Tab le  4 ) .  U n f e r t i l i z e d  eggs 
a r e  2 mn i n  d iameter ;  f e r t i l i z e d ,  
water-hardened eggs a r e  3 mn i n  
diameter,  semi buoyant, non-adhesi ve, 
and t ransparen t ,  p a l e  p i n k  o r  amber 
(Marcy 1976). The eggs a r e  c a r r i e d  
a l o n g  by t h e  c u r r e n t  and h a t c h  i n  
about 8 t o  12 days a t  11 t o  15 O C ,  o r  
52 t o  59 OF ( S c o t t  and Crossman 1973). 
Shad eggs hatched i n  o n l y  3 days a t  
temperatures o f  14  t o  23 OC (57 - 
73 OF) i n  t h e  l a b o r a t o r y  (Marcy 1976). 
Larvae t o  Adu l t s  
Newly hatched l a r v a e  a r e  about 7 
mrn l o n g  and a r e  p l a n k t o n i c  (Marcy 
1976). They a r e  12 mn l ong  when t h e  
y o l k  sac i s  absorbed, and 25 t o  28 mm 
l o n g  and 2 t o  3 weeks o l d  upon 
metamorphosis t o  t h e  j u v e n i l e  s tage  
(Jones e t  a l .  1978). The j u v e n i l e s  
spend t h e  f i r s t  summer i n  t h e  r i v e r .  
The morphologi c a l  c h a r a c t e r i s t i c s  o f  
l a r v a e  d u r i n g  development have been 
descr ibed  by Jones e t  a1 . (1978). 
Table 3. Lengths, weights,  and ages, and t h e  range o f  t h e  number of 
eggs ( i n  thousands) among i n d i v i d u a l  American shad popu la t i ons  of seven 
A t l a n t i c  coas ta l  r i v e r s  of t h e  U n i t e d  S ta tes ,  1951-59 (Walburg and 
N i cho l s  1967). 
R i  ve r  Fork Body Age Range o f  number 
l e n g t h  (mm) we igh t  ( kg )  ( yea rs )  o f  eggs ( x  1,000) 
Hudson 355-556 0.8-3.0 111-IX 116-468 
Potomac 460-505 1.4-2.4 V - V I  267-525 
Y ork  399-470 1.1-2.1 I V - V I  169-436 
Neuse 447-498 1.8-2.7 I V - V I  423-547 
E d i s t o  465-498 1.6-2.2 I V - V I  360-480 
Ogeechee 457-475 1 .7.-2.2 IV-VI  359-501 
S t .  Johns (FL)  368-460 - 0.6-1.8 I V - V I  277-659 - 
T a b l e  4. Mean v i r g i n  and l i f e t i m e  
fecund i t i es  o f  American shad 
popu la t ions  i n  f i v e  A t l a n t i c  coast  
r i v e r s  (Legget t  and Carscadden 1978). 
- -- 
V i r g i n  L i f e t i m e  
R i v e r  f e c u n d i t y  f e c u n d i t y  
S t .  Johns (FL) 406,000 406,000 
York (VA) 259,000 327,000 
Connect icut  (CT ) 256,000 384,000 
St .  John (NB) 135,000 273,000 
M i  ramichi  (NB) 129,000 258,000 
I n  t h e  f a l l ,  j u v e n i l e s  (75 t o  125 
mm l ong)  move t o  b rack i sh  water,  then 
t o  t h e  sea. Decreasing water  
temperature i n  t h e  r i v e r s  i s  t h e  
pr imary  s t imu lus  f o r  downstream 
movement. Ju veni 1  es m i  g ra te  seaward 
f i r s t  i n  no r the rn  r i v e r s  and 
p rog ress i ve l y  l a t e r  i n  r i v e r s  t o  t h e  
south (Legget t  1977a). Juveni l e  shad 
s t a r t  downstream i n  t h e  St.  Johns 
R iver ,  F l o r i d a ,  as t h e  water  cools t o  
15.5 "C o r  60 OF (Walburg 1960). I n  
t he  Delaware R iver ,  shad begin moving 
downstream a t  a  water  temperature of 
20.5 O C  ( 69  OF); movements peak a t  
15.5 O C  o r  60 OF (Sykes and Lehman 
1957). Peak downstream m i g r a t i o n  i s  
i n  l a t e  September and October i n  t h e  
Connect icut  R iver ,  i n  l a t e  October i n  
r i v e r s  t r i b u t a r y  t o  Upper Delaware 
Bay, and i n  l a t e  November i n  r i v e r s  
t r i b u t a r y  t o  t h e  Chesapeake Bay 
(Legget t  1977a). 
Shad r e m a i n  i n  t h e  ocean u n t i  1  
mature .  Males ma tu re  when 3  t o  5  
years o l d ;  females mature when 4  t o  6  
y e a r s  o l d  ( L e i m  1924 ) .  The o l d e s t  
shad examined i n  t h e  Bay of  Fundy was 
9  years o ld .  The o ldes t  shad i n  t h e  
Un i ted  States was 11 years  o l d  and 584 
mm l o n g  ( S c o t t  and Crossman 1973) .  
The on l y  s e l f - s u s t a i n i n g ,  landlocked 
popu la t i on  o f  American shad i s  i n  t h e  
M i  1  l e r t o n  Reservoi r-San Juan R i v e r  
system o f  C a l i f o r n i a  (Lambert e t  a l .  
1980). 
M i  g r a t  i on 
American shad a long  t h e  A t l a n t i c  
coast  f o rm  common schools and under- 
t a k e  ex tens i  ve ocean migra t ions  
( L e g g e t t  and Wh i tney  1972 ) .  These 
m ig ra t i ons  a r e  p a r t l y  regu la ted  by 
changes i n  bottom water  ternperatu res . 
American shad seem t o  p r e f e r  bottom 
temperatures between 3 and 15 O C  (37 
and 59 OF) and a re  most concentrated 
a t  temperatures between 7  and 13 O C  o r  
45 and 55 OF (Neves and Depres 1979). 
A long t h e  m i d - A t l a n t i c  coast,  
shad move o f f s h o r e  t o  deeper water  i n  
w i n t e r  (Ta lbo t  and Sykes 1958). I n  
March and A p r i l ,  t h e  schools move 
toward t h e  coast.  Shad r e t u r n i n g  t o  
r i v e r s  squth o f  Cape Hat te ras  f o l l o w  
t h e  G u l f  Stream, remain ing i n  t h e  3  t o  
15 O C  (37 - 59 OF) bottom isotherm. 
Shad m i g r a t i n g  t o  n o r t h  A t l a n t i c  
r i v e r s  do so l a t e r  i n  spr ing ,  
f o l l o w i n g  a  r o u t e  f a r t h e r  t o  sea 
because of p r e f e r r e d  o f f sho re  
temperatures i n  t h e  M idd le  A t l a n t i c  
B igh t .  On t h e  basis  o f  t a g  re tu rns ,  
some f i s h ,  however, m i  g r a t e  n o r t h  
a long t h e  coast  (Neves and Depres 
1979). 
I n  summer and f a l l ,  shad 
congregate i n  t h e  Gu l f  o f  Maine and 
t h e  Bay o f  Fundy. Th i s  congregat ion 
inc ludes  immature shad from A t l a n t i c  
coast r i  vers and spawned-out adu 1  t s  
f rom streams n o r t h  o f  Chesapeake Bay. 
American shad m ig ra te  a t  t h e  r a t e  of 
21 kmlday (13 mi lday)  between 
Chesapeake Bay and t h e  Bay o f  Fundy 
(Legget t  1977a). They m ig ra te  up t o  
3,000 km (2,000 mi )  i n  one season. 
The Amer ican shad homes t o  i t s  
n a t a l  r i v e r  t o  spawn. Dodson and 
Legget t  (1974) b e l i e v e  homing i s  based 
on o l f a c t i o n  ( s m e l l )  and rheo tax i s  
( o r i e n t a t i o n  t o  c u r r e n t )  i n  t h e  Con- 
n e c t i c u t  R i  ver and probab ly  elsewhere. 
The d i r e c t i o n  and goal o f  m i g r a t i o n  
appears t o  be determined by o l f a c t i o n  
o f  chemicals, and t h e  o r i e n t a t i o n  
a long t h e  m ig ra to ry  path i s  determined 
by t i d a l  and r i v e r  c u r r e n t s .  The 
o r i e n t a t i o n  mechanism i s  s u f f i c i e n t l y  
robust  t h a t  m i  g ra t ions  cont inue even 
a f t e r  ma jo r  changes i n  w a t e r  f l o w ,  
such as a f t e r  t h e  cons t ruc t i on  o f  
headponds o f  h y d r o e l e c t r i c  f a c i l i t i e s .  
Homing i s  f a i r l y  p r e c i s e  b u t  a few 
i n d i v i d u a l s  ascend r i v e r s  o the r  t han  
i n  t h e i r  n a t a l  stream t o  spawn. 
The t i m i n g  o f  e n t r y  o f  shad i n t o  
r i v e r s  i s  h i g h l y  dependent on water  
temperatures . The peak m ig ra t i on  i n t o  
f reshwater  thus i s  e a r l i e r  i n  t h e  
south than i n  t h e  nor th.  Runs peak i n  
January  i n  F l o r i d a  and i n  June and 
Ju ly  i n  New Brunswick and Quebec 
(Walburg and N icho ls  1967; Leggett and 
Whitney 1972). Shad migra te  i n  t h e  
Connecticut R i v e r  a t  temperatures 
between 16.5 and 21.5 OC (62 and 
7 1  OF). American shad tend t o  discon- 
t i nue upstream movement a t  tempera- 
t u res  greater  than 20 O C  (68 OF) 
(Kuzmeskus 1977). 
Shad spawn f a r  enough ups t ream 
f o r  eggs t o  d r i f t  and h a t c h  b e f o r e  
reaching sa l twa te r .  Low water  
temperatures i n  t h e  s p r i n g  may delay 
gonadal maturat ion,  r e s u l t i n g  i n  a 
1 onger p e r i o d  o f  upstream m i g r a t i o n  
p r i o r  t o  spawning (Marcy 1976). These 
migrat ions may extend as f a r  as 800 km 
(500 m i )  in land.  The maximum d is tance 
i n  most r i v e r s  i s  now l i m i t e d  by 
na tu ra l  and human-made obst ruc t ions .  
AGE AND GROWTH 
Age and growth can be evaluated 
by exami n i  ng s c a l e  s t ruc tu res  . Judy 
(1961) v e r i f i e d  t h e  sca le  method o f  
aging American shad, and a l s o  observed 
a mark on t h e  sca le  t h a t  formed when 
t h e  j u v e n i l e  l e f t  f r esh  water. Shad 
grow about 100 mm pe r  year  u n t i l  
sexua l l y  mature, when growth slows 
(Table 5). American shad l i v e  5 t o  7 
years and may reach a weight o f  1 t o  3 
kg*  
The re1 a t  ions  between t o t a l  
weight (W) i n  grams and f o r k  l eng th  
(FL) i n  mm f o r  f i s h  captured p r i o r  t o  
spawning a t  Lambertvi  1 l e  on t h e  
Delaware R i v e r  a re  W = 8.09 FL - 2335 
f o r  males and W = 11.54 FL - 3764 f o r  
females (Chi t tenden 1976). V a l i d  
ranges f o r  1 i n e a r  i n t e r p o l a t i o n  were 
330 t o  520 mm f o r  males and 410 t o  550 
mm f o r  females. Length-weight 
r e l a t i o n s h i p s  a f t e r  spawning were W = 
3.245 FL - 783 f o r  males and W = 3.01 
FL - 697 f o r  females. V a l i d  ranges 
f o r  l i n e a r  i n t e r p o l a t i o n  were 265 t o  
450 mm f o r  males and 340 t o  475 mm f o r  
females .  The ave rage  t o t a l  w e i g h t  
l oss  du r ing  t h e  spawning run  i n  t h e  
Connect icut  R i v e r  was 45%-60% (Glebe 
and Legget t  1981). T issue loss  was 
g r e a t e s t  i n  s m a l l  f i s h  and i n  f i s h  
exposed t o  h ighe r  temperatures. 
Wi lk  e t  a1 . (1978) ca l cu la ted  t h e  
r e l a t i o n  of weight  i n  grams t o  t o t a l  
length  i n  m i l l i m e t e r s  t o  be l o g  
W = -5.3994 + 3.2255 l o g  TL, f o r  294 
shad c o l l e c t e d  i n  t h e  New York B igh t .  
No s i g n i f i c a n t  d i f f e r e n c e  between t h e  
sexes was observed. 
COMMERC IAL/SPORT FISHERY 
H i s t o r y  o f  t h e  F i she r ies  
Dur ing  the  19th  century, 
ex tens ive  f i s h e r i e s  f o r  shad developed 
a long t h e  e n t i r e  A t l a n t i c  coast. Shad 
Table 5. Ages and corresponding 
average t o t a l  lengths of shad i n  t h e  
Bay of Fundy (Leim 1924). 
Growing Length 
season Age group (m) 
were captured i n  r i v e r s  and i n  coas ta l  
waters. Ma jor  gear developed and p re -  
f e r r e d  i n  d i f f e r e n t  l o c a t i o n s  were 
d r i f t  and staked g i l l  nets,  pound 
nets, hau l  seines, we i rs  , fyke nets,  
bow nets, and d i p  nets. The es t imated 
A t l a n t i c  coast  ca tch  i n  1896 was 50 
m i  11 i o n  pounds (23,000 t )  , but  between 
1930 and 1960, t h e  annual catch was 
abou t  10 m i l l i o n  pounds ( T a b l e  6 ) .  
S i n c e  1960, t h e  c a t c h  has d e c l i n e d  
f u r t h e r ,  p r i n c i p a l l y  due t o  dams, 
p o l l u t i o n ,  and ove r f i sh ing .  The 
A t l a n t i c  coas t  catches a r e  g r e a t e s t  i n  
Chesapeake Bay (Table 7). 
Present F i she ry  
I n  New England, t h e  p r i n c i p a l  
American shad f i s h e r y  i s  on t h e  
Connect icut  R i  v e r y  where a smal l  
commercial f i s h e r y  and s p o r t  f i s h e r y  
e x i s t .  About 3,000 1b (1.4 t), were 
landed i n  Massachusetts i n  1979. 
Merriman (1970) gave c a p i t a l i z e d  an- 
nual value t o  t h e  Connect icu t  R i v e r  o f  
$75 m i l  l i o n  f o r  t h e  commercial f i s h e r y  
and $14 m i l l i o n  f o r  t h e  s p o r t  f i s h e r y .  
I n  Maine, about 95% of t h e  r i v e r  
h a b i t a t  once used f o r  spawning i s  now 
blocked by inpassable dams (F lagg e t  
a l .  1979 ) .  Shad r u n s  i n  Ma ine  a r e  
est imated a t  no more than severa l  
t housand  f i s h  a n n u a l l y  and no more 
than  100 t o  600 a d u l t  shad are  
caught i n  a smal l  s p o r t  f i s h e r y .  A 
f i s h e r y  s p e c i f i c  f o r  American shad i s  
non-ex is ten t  ; catches a re  i n c i d e n t a l  
t o  those o f  o t h e r  species. I f  
r e s t o r a t i o n  i s  completed as planned, a 
p o s s i b l e  annual ha rves t  o f  1.5 m i  11 i o n  
pounds (680 t )  i s  p r o j e c t e d .  If ade- 
quate f i s h  passage f a c i l  i t i e s 2 a r e  con- 
s t r u c t e d ,  6,OQ)I t o  10,000 m i  (15,000 
t o  25,000 km ) o f  a d d i t i o n a l  r i v e r  
would be a v a i l a b l e  t o  shad. 
New Hampsh i re  c u r r e n t l y  has no 
commerci a1 regu 1 a t i  ons f o r  shad; 
however, t h e r e  i s  a two f i s h  pe r  day 
bag l i m i t  f o r  hook and l i n e  f ishermen. 
Massachusetts has banned commer- 
c i a l  f i s h i n g  f o r  shad. The s p o r t  
Tab le  6. Annual shad landings 
(thousands of pounds) and value 
(thousands of d o l l a r s )  f o r  t h e  U.S. 
A t l a n t i c  coast  (Wal burg and N icho ls  
1967). 
Year Weight Value 
1880 18,068 995 
1887 29,630 --- 
1888 33,397 1,665 
1896 50,499 1,651 
1908 25,935 2,092 
1929 13,955 --- 
1930 10,373 --- 
1931 11,336 - - - 
1932 9,272 --- 
1935 8,236 860 
1937 9,647 - - - 
1938 9,720 --- 
1939 10,075 --- 
1940 9,964 905 
1945 14,699 2,500 
1950 8,223 1,596 
1951 8,477 --- 
1952 10,521 ---  
1953 7,799 --- 
1954 8,668 --- 
1955 8,599 1,422 
1656 9,672 --- 
1957 11,369 --- 
1958 8,186 --- 
1959 8,200 1,086 
1960 8,134 1,107 
f i s h e r y  i n  marine waters f o r  American 
shad i s  r e s t r i c t e d ,  b u t  i n  f reshwater  
t h e  l i m i t  i s  s i x  f i s h  p e r  day. 
The commercial f i s h e r y  i n  t h e  
Connect icu t  R i v e r  employs d r i f t i n g  
g i l l  n e t s  a t  n i g h t ,  m a i n l y  i n  t h e  
r i v e r  below Har t f o rd .  Some f i s h i n g  
occurs d u r i n g  t h e  day when t h e  water  
i s  e s p e c i a l l y  t u r b i d .  Fyke, t r a p ,  o r  
pound n e t s  a r e  now a1 lowed i n  t h e  
r i v e r  d u r i n g  t h e  shad run. The 
p r imary  market i s  f o r  roe (eggs). 
Males (buck shad) have l i t t l e  value. 
Connect icu t  ca re fu  1 l y  regu 1 ates 
commerc ia l  f i s h i n g  f o r  shad on  t h e  
Connect icu t  R iver .  The season i s  open 
Table 7. Annual commercial land ings  (x 1,000 l b )  o f  
American shad f o r  d i f f e r e n t  reg ions  a long t h e  U.S. coast, 
1960-1983. Code: NE = New England, MA = M id -A t l an t i c ,  
CB = Chesapeake Bay, SA = South A t l a n t i c ,  PC = P a c i f i c  Coast 
(1960-1977 Nat iona l  Marine F i she r ies  Serv ice,  S t a t i s t i c a l  
Digest ;  1978-1983 Nat iona l  Marine F i she r ies  Serv ice,  
unpubl ished data). 
Coastal reg ion  
Year NE MA CB S A PC 
1960 432 1,237 2,682 1,614 456 
1961 547 1,026 3,144 1,612 927 
1962 470 84 1 3,795 2,167 1,586 
1963 325 7 44 3,139 1,734 1,503 
1964 320 721 3,541 1,687 818 
1965 380 635 4,298 2,379 870 
1966 27 9 379 3,564 1,736 1,347 
1967 7 54 387 3,005 1,562 1,333 
1968 218 379 3,508 2,052 862 
1969 201 342 3,540 1,904 610 
1970 186 314 5,151 1,851 724 
197 1 283 222 2,473 1,452 499 
1972 264 375 3,014 1,091 709 
1973 261 308 3,033 685 483 
1974 257 294 1,789 655 5 11 
197 5 208 337 1,321 518 522 
1976 412 322 1,006 320 48 1 
1977 418 3 94 1,547 418 560 
1978 36 1 245 1,322 976 545 
1979 3 30 216 1,041 36 3 797 
1980 253 406 998 839 277 
1981 6 6 510 500 1,235 120 
1982 40 3 7 57 590 1,033 42 9 
1983 504 36 5 242 1,974 413 
t o  commercial f i s h i n g  f rom A p r i l  1 t o  
June 15. Dur ing  t h e  season, f i s h i n g  
i s  p r o h i b i t e d  f rom F r iday  sunset t o  
Sunday sunset. Monof i 1 ament g i  1 1 nets 
are p r o h i b i t e d  and t h e  g i l l  nets used 
must have a minimum s t r e t c h  of 5 
inches (127 mm). There are  no s i z e  o r  
sex r e s t r i c t i o n s  and a commercial 
f i s h i n g  l i c e n s e  i s  required.  Catch 
i n fo rma t ion  i s  reasonably accurate 
because 1 i cense ho lders  must complete 
a repo r t  o f  f i s h i n g  a t  t h e  end of each 
season, and Connect icut  b i o l o g i s t s  
have va l i da ted  t h i s  method o f  r e p o r t -  
i n g  catch s t a t i s t i c s  ( E r i c  Smith, 
Conn. Dep. Environ. Prot.; pers.  
corn.). 
S p o r t f i s h i n g  f o r  shad i n  
Connect icut  i s  pe rm i t t ed  from A p r i l  1 
t o  a pub l ished c l o s i n g  date  determined 
each year.  I n  streams, ang l i ng  and 
scoop nets are  pe rm i t t ed ;  t h e  bag 
l i m i t  i s  s i x  f i s h  pe r  day. 
Popu la t ion  Dynamics 
The popu la t i on  dynamics of 
American shad i n  t h e  Connect icut  R i ve r  
i s  s i m i l a r  t o  o the r  f i s h e s  w i t h  h i g h  
fecund i t y  (Legget t  1976; Legget t  
1977b; Marcy 1976). About 64% o f  t h e  
annual v a r i a t i o n  i n  t h e  product ion  o f  
j u v e n i l e  shad was d i r e c t l y  r e l a t e d  t o  
the1 number o f  spawners i n  t h e  s p r i n g  
run; 22% o f  t h e  v a r i a t i o n  was a t t r i -  
buted t o  water  t enpe ra tu re  and f l o w  
c h a r a c t e r i s t i c s  d u r i n g  t h e  run  (Marcy 
1976). 
The r a t e  o f  e x p l o i t a t i o n  was a 
major f a c t o r  i n f l u e n c i n g  t h e  number o f  
f i s h  i n  t h e  spawning run  i n  t h e  
Connect icut  R i  ver  (Legget t  1976). The 
f i s h e r y  removed s i g n i f i c a n t  numbers o f  
a d u l t s  j u s t  p r i o r  t o  spawning,  and 
because t h e  eggs a re  t h e  most 
des i rab le  f i s h  product, f u l l y  mature 
females are  t h e  p r i n c i p a l  t a r g e t s  o f  
t h e  f i s h e r y .  
The number o f  adu l t s  t h a t  s u r v i v e  
t h e  f i s h e r y  are d i r e c t l y  c o r r e l a t e d  
w i t h  t h e  number o f  f i s h  produced i n  
t h e  next  genera t i  on. This 
r e l a t i o n s h i p  i s  descr ibed by a 
s tock- recru i tment  equation: 
R = N e  0.7 ( 1  - N/87) 
where R i s  recru i tment  and N i s  t h e  
parent  s tock i n  terms of numbers o f  
eggs (Legget t  1976). 
Average i n s t a n t a n e o u s  n a t u r a l  
m o r t a l i t y  o f  spawners was l ess  a f t e r  
t h e  Connect icut  Yankee Atomic Power 
P lan t  began opera t ion  (Tab le  8) .  
Table 8. Average instantaneous 
na tu ra l  m o r t a l i t y  ra tes  o f  adu l t s  
(s tandard dev ia t i ons  i n  parentheses) 
be fore  and d u r i n g  Connect icut  Yankee 
Atomic Power P lan t  opera t ion  (Legget t  
1976). 
Sex 
Instantaneous m o r t a l i t y  
Pre-operat ion Operat ion 
1965-1967 1968-1973 
Males 1.5(1.2) 0.7(0.6) 
Females 1.2(0.7) 0.7(0.4) 
The Delaware R i v e r  shad 
popu la t i on  was made up most ly  of Age 
I V  males and Age VI females (Table 9). 
Males f i r s t  appeared i n  t h e  runs a t  
Age I 1 1  whereas females f i r s t  appeared 
a t  Age IV.  Few males Age V I  and 
females Age V I I  were observed 
(Chi t tenden 1975). 
ECOLOGICAL ROLE 
The d i e t  o f  j u v e n i l e  American 
shad i n  f reshwater  i s  d iverse ;  insec ts  
and crustaceans are  most common 
(Wal b u r g  1960) .  E a r l y  l a r v a e  feed  
most ly  on cyc lopo id  copepods and 
tend iped i  ds (Levesque and Reed 1972). 
Juven i les  ea t  food i n  t h e  water c o l -  
umn, no t  on t h e  bottom, and Domermth 
and Reed (1980) repor ted  t h a t  j u v e n i l e  
shad were s e l e c t i v e  o f  what they  a te ;  
t h e  d i e t  cons is ted  o f  20% bosminids 
and 51% daphnids. 
A f t e r  going t o  sea, t h e  American 
shad feeds on a v a r i e t y  of small  
crustacea, many o f  which are  
associated w i t h  t h e  bottom. Mysids 
dominate  t h e i r  d i e t  i n  t h e  Bay o f  
Fundy (Leim 1924). Adu l ts  a l s o  feed 
on copepods, smal l  f i shes ,  euphausids, 
f i s h  eggs, and amphipods (Bigelow and 
Table 9. Age s t r u c t u r e  o f  t h e  
American shad popu la t i on  i n  t h e  
Delaware R i v e r  (Chi t tenden 1975). 
Sex Age Number % 
Ma 1 es 
I  I  
I 1 1  
I  v 
v 
V I  
F ema 1 es 
I  v 
v 
V I  
V I  I  
Schroeder 1953; S c o t t  and Crossman 
1 9 7 3 ) .  Shad p r o b a b l y  h a v e  a d i e l  
v e r t i c a l  m i g r a t i o n  t o  f o l l o w  t h e  d i e l  
m i g r a t i o n  o f  t h e i r  p r i n c i p a l  food,  
zooplankton (Neves and Depres 1979). 
A1 though i n v e s t i  ga to r s  be1 i e v e  
t h a t  few shad feed i n  f reshwater ,  
American shad p laced  i n  a f r eshwa te r  
pond f e d  on a r t i f i c i a l  f e e d  (A t k i nson  
1951). 
Preda to rs  t a k e  l a r g e  numbers o f  
American shad i n  both f reshwater  and 
t h e  sea. J u v e n i l e  shad i n  r i v e r s  a re  
eaten by j u v e n i l e  bass (Morone 
s a x a t i l i s ) ,  American e e l s  (An u i l l a  
r o s t r a t a ) ,  and b i r d s .  A t  sea, 9Tadu t 
shad f a l l  p rey  t o  sea ls ,  sharks,  
b l u e f i n  t una  (Thunnus t h  nnus) 
t i  n g f  i s h  (Scomberomorus r e g a h n i  
porpo ises  ( S c o t t  and Crossman 1973). 
None o f  these  p reda to r s  depend s o l e l y  
on shad f o r  food; i n  f a c t ,  shad appear 
t o  be o f  minor  impor tance as food i n  
r i  vers o r  t h e  ocean. 
The American shad has t h e  usua l  
complement o f  p a r a s i t e s  and diseases. 
Acanthocephala, p a r a s i t i c  copepods, 
d i  stomes , nematodes, and trematodes 
have a l l  been r e p o r t e d  i n  o r  on shad. 
The sea lamprey (Petrom zon mar i  nus) 
and f r eshwa te r  1  ampreys + I chthyomyzon 
sp.) have been observed a t t ached  t o  
a d u l t  shad i n  t h e  Connec t i cu t  R i v e r  
(Wal burg  and N i cho l s  1967). 
ENVIRONMENTAL REQUIREMENTS 
Sal i n i  t y  
The American shad i s  e u r y h a l i n e  
and adapts r e a d i l y  t o  e i t h e r  f r esh -  
wate r  o r  seawater d u r i n g  i t s  anadro- 
mous m ig ra t i ons .  The a d u l t s  r e q u i r e  2 
o r  3  days t o  adapt  t o  f r eshwa te r  as 
ev idenced b y  t h e i r  wander ing i n  
e s t u a r i e s  b e f o r e  e n t e r i n g  t h e  r i v e r s  
(Legget t  1976). The t r a n s f e r  o f  a d u l t  
shad from seawater t o  f reshwater  ove r  
a 2.5-h p e r i o d  caused p h y s i o l o g i c  
s t r e s s  and h i g h  m o r t a l i t y  ( Legge t t  and 
0' Boy1 e 1976). 
American shad eggs a r e  always 
depos i t ed  i n  f r eshwa te r  bu t  whether 
t h e y  ha tch  o n l y  i n  f reshwater ,  o n l y  i n  
b r a c k i s h  w a t e r ,  o r  i n  b o t h  i s  n o t  
c e r t a i n .  An exper iment  r e p o r t e d  by 
Leim (1924) showed t h a t  eggs and 
l a r v a e  can t o l e r a t e  b rack i sh  wa te r  o f  
7.5 t o  15 pp t ,  b u t  n o t  22.5 pp t .  He 
a l s o  r e p o r t e d  t h a t  h a t c h i n g  success of 
eggs was h i g h e r  i n  b r a c k i s h  and f u l l  
s t r e n g t h  seawater t han  i n  f reshwater ,  
bu t  t h e  f i n d i n g s  were based o n l y  on 
n i n e  eggs. 
Temperature 
Most shad spawn i n  r i v e r s  a t  
wa te r  temperatures o f  12 t o  18 OC, o r  
54 t o  64 OF (Legge t t  and Whitney 
1972). Le im (1924) c la imed t h a t  
American shad eggs ha tch  i n  12 t o  15 
days a t  12 OC (54 OF) and 6 t o  8 days 
a t  17 OC (63 OF). He a l s o  no ted  t h a t  
eggs cease deve lop ing  a t  7  OC (45 OF), 
and a b n o r m a l i t i e s  d e v e l o p  a t  22 OC 
(72  OF). Le im used t h e  same 
exper imenta l  des ign  d e s c r i  bed i n  t h e  
s a l i n i t y  s e c t i o n ,  except  t h a t  
f reshwater  was used f o r  t h e  
tempera tu re  experiments. 
The American shad avoids c o l d  
wa te r  when poss i  b l e .  The l owe r  
therma l  t o l e r a n c e  l i m i t  i s  about 2  OC 
(36 OF); p ' ro longed exposure t o  4 t o  
6 OC (39  t o  43 OF) i s  s u b l e t h a l  and 
t o o  c o l d  f o r  f u l l  body f u n c t i o n i n g  
(Ch i t t enden  1972). When g i ven  a 
choice,  young shad avo id  temperatures 
b e l o w  8 OC ( 4 6  OF) and s t r i n g e n t l y  
a v o i d  temperatures below 5 OC (41  OF). 
Ch i t t enden  concluded t h a t  c o l d  wate r  
re1  eased be1 ow r e s e r v o i  r s  may 
adve rse l y  a f f e c t  spawning and nursery  
areas downst ream. 
A m e r i c a n  s h a d  a l s o  a v o i d  r a p i d  
inc reases  i n  temperature.  Tes ts  i n  
t anks  showed t h a t  shad avoided tem- 
p e r a t u r e  inc reases  o f  about 4  OC 
(7 OF) above t h e  a c c l i m a t i o n  
tempera tu re  (Moss 1970). Juven i  1  es 
d i d  no t  avo id  changes o f  1 OC ( 2  OF), 
sugges t i ng  a sensory t h r e s h o l d  of 
between +1 and +4 OC (+2  and +7 OF) 
above ambient temperatu re. Shad 
attempt t o  avo id  p o t e n t i a l  l y  l e t h a l  
temperatures. F i e l d  observat ions bear 
out  these l abo ra to ry  f i nd ings .  
M ig ra t i ons  i n  t h e  ocean and 
f reshwater  a re  c l o s e l y  t i e d  t o  water  
temperature. Shad a re  most f requen t l y  
caught commerci a1 l y  i n  ocean bottom 
temperatures o f  7  t o  13 O C  (45 t o  55 
OF) (Neves and Depres 1979). 
Oxygen 
The American shad l i v e s  i n  w e l l  
oxygenated envi ronments i n  r i  vers and 
i n  t h e  sea. D isso lved oxygen 
c o n c e n t r a t i o n s  must  be 4  t o  5 m g l l  
(ppm) i n  headponds through which shad 
pass i n  t h e i  r m i g r a t i o n  (Jessop 1975). 
Chi t tenden (1969) repo r t s  t h a t  a t  
d i s s o l  ved oxygen concentrat ions below 
3  mg l l ,  e q u i l i b r i u m  I s  l o s t ,  a t  
concent r a t i o n s  be1 ow 2  mg l l  , heavy 
m o r t a l i t y  occurs, and a t  l e s s  than 0.6 
mgl l ,  a l l  f i s h  d i e  i m e d i a t e l y .  Shad 
eggs were absent where d i sso l ved  
oxygen was lower than 5  mgl l  (Marcy 
1976).  C a r l s o n  (1968)  r e p o r t s  t h e  
oxygen LCs0 f o r  Connect icut  R iver  shad 
eggs i s  2.0 t o  2.5 mg/l. 
Tu rb id i  t .  
Ta l  bo t  (1954) concluded t h a t  
extens i ve dredgi ng o f  t h e  Hudson R i ver 
produced no measurable adverse e f f e c t s  
on shad abundance. Adu l t  shad r e a d i l y  
en te r  t h e  Shubenacadie R i v e r  i n  Nova 
Scot ia ,  where t u r b i d i t y  i s  1 g / l  (Leim 
1924). As p a r t  o f  a  l a b o r a t o r y  
assessment, Auld and Schubel (1978) 
repor ted  t h a t  suspended sediment 
c o n c e n t r a t i o n s  up t o  1 g l l  d i d  n o t  
s i g n i f i c a n t l y  a f f e c t  ha tch ing  success; 
however, concent ra t ions  g rea te r  than 
0.1 g / l  f o r  96 h  s i g n i f i c a n t l y  reduced 
t h e  s u r v i v a l  o f  shad larvae.  Larvae 
t h e r e f o r e  are  much l e s s  t o l e r a n t  of 
suspended sediments than  eggs. 
Subst ra te  
Subst ra te  t ype  apparent ly  i s  
unimportant  t o  shad because f i s h  spawn 
i n  t h e  water column and t h e  eggs a re  
c a r r i e d  downstream. Shad have been 
obse rved  t o  spawn o v e r  sand, s i l t ,  
muck, gravel ,  and boulder  subs t ra te  
(Mansueti and Kolb 1953; Walburg 1960; 
Legget t  1976). 
Depth 
Depth i s  no t  a  c r i t i c a l  f a c t o r  t o  
t h e  American shad. F i s h  i n  spawning 
runs a r e  caught a t  a l l  depths. For 
example, Mansueti and Kol b  (1953), 
Walburg (1960), and Kuzmeskus (1977) 
repo r ted  f i s h  spawning a t  depths from 
0.45 t o  7  m (1.5 t o  23 f t ) .  
Juven i les  l i v e  a t  depths of 0.9 
t o  4.9 m ( 3  t o  16 f t )  i n  t h e  
Connect icut  R i v e r  (Marcy 1976). The 
abundance was r e l a t e d  more t o  d is tance 
upstream r a t h e r  than t o  depth. Du r ing  
t h e  day, 87% o f  t h e  j u v e n i l e  shad 
caugh t  i n  a  g i l l n e t  were nea r  t h e  
bottom a t  depths of 3.7 t o  4.9 m (12 
t o  16 f t ) .  A t  n i g h t  a l l  were caught 
near t h e  surface. 
A t  sea, shad are  near t h e  bottom 
du r ing  t h e  day and disperse throughout  
t h e  water  column a t  n i g h t  (Neves and 
Dep res 1979) . 
Water Movement 
Water v e l o c i t y  i s  c r i t i c a l  
because shad must nego t i a te  r i v e r  
cu r ren ts  and f ishways when m i  g r a t i n g  
upstream and must go over sp i l lways  
when swimmi ng downstream. A d u l t  shad 
m i g r a t i n g  upstream a re  r e l u c t a n t  t o  
use o lde r ,  t r a d i t i o n a l  f ishways, 
because entrance widths,  depths, and 
f lows are  o f ten  u n s u i t a b l e  (Wal burg 
and N icho ls  1967). Pool-and-wei r and 
v e r t i c a l - b a f f l e  fishways and e levators  
a r e  much more e f f i c i e n t .  F o r  t h e  
poo l  -and-wei r f ishway, optimum 
d i f fe rence i n  pool  e leva t i ons  i s  23 cm 
( 9  i n )  when water v e l o c i t i e s  are  61 t o  
91 cmlsec ( 2  t o  3  f t l s e c ) .  For  any 
f i s h  passage t o  work, s u f f i c i e n t  water  
volume and v e l o c i t y  a t  t h e  entrance i s  
e s s e n t i a l .  I n  t h e  Connect icut  R i v e r  
t h e  d a i l y  movement of shad upst ream 
was 4.6 km (2.9 m i )  i n  b r a c k i s h  water ,  
and 14  km ( 9  m i )  i n  f reshwate r  
( Legge t t  1976). 
A d u l t  downstream mi g r a t  i on 
depends on wa te r  c u r r e n t s  and t h e  
p a t t e r n  o f  c u r r e n t s  around obs t  ruc -  
t i o n s .  The r a t e  o f  f l o w  i n t o  a  
f i shway  accounted f o r  60% o f  t h e  
v a r i a t i o n  i n  t h e  number o f  downstream 
mig ran ts  i n  a  f ishway (Mo f f  i t t  1979).  
Wi thou t  a t t r a c t a n t  f l ow ,  no f i s h  
en te red  t h e  f i shway .  F i s h  t h a t  f a i l  
t o  f i n d  t h e  downstream passage must 
pass over  t h e  s p i l l w a y  o r  t h rough  
h y d r o e l e c t r i c  t u r b i n e s .  
Tes ts  by Gloss (1982) showed t h a t  
57% t o  80% o f  j u v e n i l e  shad t h a t  
passed t h rough  a 850 kw Ossberger 
t u r b i n e  were k i l l e d  o u t r i g h t ;  t h o s e  
t h a t  s u r v i v e d  d i e d  l a t e r  o f  s t r e s s  and 
p r e d a t i o n ,  o r  f r o m  t h e  de layed  e f f e c t s  
o f  s c a l e  l o s s  o r  i n j u r i e s  caused by 
t h e  f i shway  i t s e l f .  A t  Mactaquac, New 
Brunswick,  Jessop (1975) f ound  t h a t  a t  
l e a s t  25% o f  t h e  shad d i e d  as a r e s u l t  
o f  p h y s i c a l  s t r e s s  caused by a f i s h -  
l i f t .  Jessop (1975) a l s o  r e p o r t e d  t h a t  
exposure t o  l e t h a l  n i t r o g e n  super-  
s a t u r a t i o n  i n  wa te rs  below dams may 
cause m o r t a l  i t y .  
Amer ican shad spawn a t  wa te r  
v e l o c i t i e s  o f  10  t o  132 cmlsec ( < I  t o  
4  f t l s e c ) ,  acco rd i ng  t o  Kuzmeskus 
(1977).  Spawning u s u a l l y  takes  p l a c e  
a t  v e l o c i t i e s  o f  30 t o  90 cmlsec ( 1  t o  
3  f t / s e c )  (Walburg 1960). 
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